red cells with failure of the red cells to release iron at a normal rate to the plasma.
It was decided to investigate the metabolism of endogenous iron in a group of patients with rheumatoid arthritis in an attempt to test this hypothesis. Loading with endogenous iron was achieved by intravenous nicotinic acid as described by Laurell (1953) and Gydell (1958a Gydell ( and b, 1959 Gydell ( , 1960a , and by infusions of aged autologous blood (Gydell, 1960b) . The effect of corticosteroid therapy upon the endogenous iron metabolism was studied in one patient with polymyalgia rheumatica and in one patient with rheumatoid arthritis.
Material and Methods Clinical Material
Eight patients, five males and three females, admitted to the Rheumatic Diseases Unit, Northern General Hospital, Edinburgh, were studied. Seven were suffering from definite or classical rheumatoid arthritis in an active phase; one male patient had polymyalgia rheumatica. Only patients in whom there was no cause for anaemia other than the presenting disease were included. All patients were receiving the same basic regimen of rest in bed, salicylates, splintage, and physiotherapy. Two patients (Table I) had received parenteral iron immediately before admission to hospital. Three patients were investigated after injection both of nicotinic acid and of aged autologous blood. The effect of injecting nicotinic acid intravenously before and after prednisolone therapy was studied in one patient, and before and after corticotrophin therapy in one patient. The effect of injecting nicotinic acid intravenously in five normal subjects (four males and one female) was studied. One male was given high doses of salicylates for 3 days before and on the day of the study. Two of the male subjects were also given aged autologous blood.
Methods
Nicotinic Acid.-This was administered intravenously as described by Gydell (1958 Gydell ( , 1960b Dawson (1960) . A stained smear of peripheral blood was examined. Plasma iron concentration and total iron-binding capacity were measured by the methods of Ramsay (1957a and b respectively). The plasma bilirubin was measured by the method of Haslewood and King (1937) .
Results
The haemoglobin, ESR, plasma iron, total ironbinding capacity, and the duration of the disease in the patients are recorded in Table I . With the exception of Cases 2 and 7, who had recently received parenteral iron, the plasma iron levels of the patients were low. Seven patients had iron-binding capacities similar to those found in the normal controls, and in one female patient this measurement was low (Case 8). In Case 7, who was the most anaemic, sternal marrow biopsy was performed and serum B12 and urinary formaminoglutamic acid were estimated. These tests were normal and a small amount of stainable iron was present in the marrow.
Effects of Injection of Nicotinic Acid
The effect on the plasma iron in the individual cases is recorded in Table II , and the mean values and ranges of plasma iron are shown in Fig. 1 (opposite).
There was a smaller and more gradual rise in plasma iron in patients compared with controls. The two patients who had just completed courses of parenteral iron and had high initial plasma irons were excluded from this analysis. Both of these patients, despite high initial plasma iron, had qualitatively the same type of response as the other patients with rheumatoid arthritis. In Case 3, the rise in plasma iron was as great as in some of the controls, but the subsequent fall was more rapid. The pattern of response in the control who was taking salicylates was similar to that in the other controls. The results for plasma bilirubin in the tV are shown in Fig. 2 . The rate and mal the rise in the plasma bilirubin was less i than in controls. In both patients and cc peak concentration of bilirubin was reac] first hour.
No increase of plasma haemoglobin war following injection of nicotinic acid in thr and three patients.
Effect of Aged Autologous Blood
The results are shown in Fig. 3 (overlea comparison the changes after injection o acid in the same subjects are shown in Fi leaf).
In the two controls and the three patier gated after infusion of aged blood, the ra tude, and duration of the rise in plasma greater and the fall was more prolonged nicotinic acid.
The rise and fall in plasma bilirubin infusion of aged autologous blood were those found after nicotinic acid. hed at the studied before and on the tenth day of treatment with prednisolone. Case 8, a female with classical s observed rheumatoid arthritis, was similarly studied beforẽ eecontrols and on the tenth day of treatment with corticotrophin. The effect on plasma iron levels is shown in Fig. 5 (overleaf) .
In Case 5 the plasma iron was low before prednif), and for solone was given, and the pattern of response to if nicotinic intravenous nicotinic acid was similar to that found ig. 4 (over-in rheumatoid arthritis. After 10 days of prednisolone (15 mg. per day), the plasma iron level had nts investi-risen considerably and the duration and magnitude te, magni-of the rise in plasma iron after nicotinic acid injection iron were was within the limits found in normal subjects. In than after Case 8, although there was no alteration in the plasma iron level after ACTH (20 I.U. given intraafter the muscularly for 10 days), a greater increase in plasma similar to iron followed nicotinic acid and the level had not returned to the initial value at 6 hours. Hours after infusion Laurell (1953) t changes which followed ti logous blood were simila Gydell (1960b) . Changes in plasma iron and bilirubin induced by nicotinic acid, although er transfusion of aged ausologous quantitatively different from, were qualitatively comparable to those which followed the transfusion of aged blood. These results supported the conclusions of Laurell (1953) and Gydell (1960b) )us injection of nicotinic procedure of intravenous injection of nicotinic acid n and plasma bilirubin would appear to be a reliable method of inducing a ly were similar to those satisfactory load of endogenous iron. and Gydell (1960b) . The A smaller rise in plasma iron followed intravenous ransfusion of aged auto-nicotinic acid in patients with rheumatoid arthritis r to those observed by than in controls. This may have been due to a I I I I 1 diminished susceptibility of the red cells in rheumatoid arthritis to the action of nicotinic acid. However, infusion of aged blood demonstrated similar differences between controls and patients. It was unlikely, therefore, that there was any difference in sensitivity of erythrocytes to nicotinic acid. The differences of response found in patients with rheumatoid arthritis may be explained either by a decreased release of endogenous iron from haemoglobin into the plasma or by an increased clearance of endogenous iron from the plasma. In both patients and controls more iron was released from aged blood than after injection of nicotinic acid, but in both situations there was a smaller rise in plasma iron in patients than in controls. The shapes of the curves of plasma iron in the two groups, however, and the time taken for the plasma iron levels to return to the initial values were similar. If increased plasma clearance had been a major factor in the patients, their curves should have shown a more rapid fall. A more likely explanation of the findings would be that less iron reached the plasma. In support of this, hyperplasia of the lymphoid tissue and spleen is common in rheumatoid arthritis, and the reticulo-endothelial system is also the site of extravascular haemolysis. Gardner and Roy (1961) reported a post mortem study of patients who died while suffering from rheumatoid arthritis, a proportion of whom had not received medicinal iron in any form. In this group they demonstrated an increased content of haemosiderin in liver and spleen but normal values in other tissues. This suggested a relative excess of iron retained in the reticuloendothelial system even in the presence of a low plasma iron. The excess of iron could be due to an abnormal retention of endogenous iron from effete red cells.
The differences in plasma bilirubin levels between patients and controls were very similar to those found in respect of plasma iron. So closely did the bilirubin curves parallel the iron curves .that it is probable that the factors causing the abnormality in plasma iron response to intravenous nicotinic acid and aged blood were also responsible for the difference in plasma bilirubin levels. The results, therefore, suggested that pigments formed from the degradation of haemoglobin were retained in the reticulo-endothelial system as well as iron.
The return to a more normal pattern of response induced by the administration of prednisolone and corticotrophin would suggest a relationship between hypoferraemia and active inflammation.
The results of this study would support the suggestion made by Weinstein (1959) that in rheumatoid arthritis there is a diminished availability of iron from effete red cells to the plasma and hence to the marrow for erythropoiesis. They would also support the conclusion of Freireich and others (1957b) that the hypoferraemia in rheumatoid arthritis is the result of a failure to release endogenous iron derived from senescent red cells at a normal rate from the reticulo-endothelial cells concerned in extravascular haemolysis.
Summary
(1) The changes in plasma iron after intravenous injection of nicotinic acid and aged autologous blood have been compared.
(2) The use of nicotinic acid has been shown to be a simple and satisfactory method of inducing a significant increase in endogenous iron derived from red blood cells.
(3) The metabolism of endogenous iron has been studied in five controls, seven cases of rheumatoid arthritis, and one of polymyalgia rheumatica.
(4) The smaller rise and more rapid fall in plasma iron after nicotinic acid and autologous aged blood in these patients would suggest a diminished release of endogenous iron from the reticulo-endothelial system.
(5) The administration of prednisolone and corticotrophin tends to correct these abnormalities. VI. Metabolisme du fer endogene REsuME (1) On compara les modifications du taux du fer plasmatique apres injection intraveineuse d'acide nicotinique et de sang autologue conserve.
(2) L'utilisation de l'acide nicotinique s'av6ra etre une methode simple et satisfaisante pour produire une augmentation significative de la quantite de fer endogene forme a partir des globules rouges.
(3) On etudia le metabolisme du fer endogene chez cinq sujets temoins, sept cas d'arthrite rhumatismale et un cas de pseudo-polyarthrite rhizomelique.
(4) On observa chez ces patients une elevation moins importante et une chute plus rapide du fer plasmatique apres injection d'acide nicotinique et de sang autologue conserve; cela suggererait une r6duction de la liberation de fer endogene par le systeme r6ticulo-endothelial.
(5) L'administration de prednisolone et de corticotrophine tend a corriger ces anomalies. Naturaleza de la anemia en la artritis reumatoide VI. Metabolismo del hieffo end6geno SUMARIO (1) Las variaciones de las cifras del hierro plasmatico despues de inyecci6n intravenosa de acido nicotinico y de sangre aut6loga conservada han sido comparadas.
(2) La utilizaci6n del acido nicotinico ha sido demostrada ser un metodo simple y satisfactorio de producir un aumento significante de hierro end6geno derivado de los eritrocitos.
(3) El metabolismo del hierro end6geno ha sido estudiado en cinco testigos, siete casos de artritis reumatoide y uno de polimialgia reumatica.
(4) Se han observado en estos enfermos un pequenio aumento y una caida mas rapida de hierro plasmatico despu6s de la inyecci6n de acido nicotinico y de sangre aut6loga conservada. Esto sugiere que el sistema reticulo-endotelial libera menos hierro end6geno.
(5) La administraci6n de prednisolona y corticotropina tiende a corregir estas anomalias.
